Arterial hypotension develops during the action of hexamethonium in man and the dog because cardiac output decreases in association with a fall in peripheral and central venous pressures (1) (2) (3) (4) (5) . The drug does induce vasodilation in the skin, muscle, and brain; but vasoconstriction occurs in other areas so that the net total peripheral vascular resistance remains unchanged or actually rises. Since there is little evidence of myocardial dysfunction, diminished venous return of blood to the heart must be implicated as the cause for the fall in output. This response may be attributed 1) to a slight but widespread change in venous tone that results in a generalized retardation in venous flow, 2) to local "pooling" of blood in venous reservoirs or 3) to both. The increased distensibility of the digital veins in human subjects following intravenous administration of hexamethonium (6) gives some support to the first possibility, but the digital vasculature is highly specialized and may not faithfully reflect changes elsewhere. Moreover, a larger quantity of blood is held in other parts of the venous system where even limited changes in tone might be expected to have a correspondingly greater effect upon venous pressure and return. The splanchnic venous bed is particularly important in this respect because it accommodates as much as 20 per cent of the total blood volume at rest in both man and dog. Although hexamethonium does not seem to affect 1 This work was supported by a grant from the New York Heart Association. 2 k-ok--C NOk-k--)0 k-o00-0000 00 00 00 -'0~o000()00 U')qd4 Circulating splanchnic blood volume was determined by the regional dilution technique (10) . After rapid injection of approximately 10 to 20 microcuries of IHSA into an external jugular vein, samples of blood were withdrawn simultaneously from the femoral artery and hepatic vein, three times in succession, the first at a slow constant rate of 1 ml. per 30 seconds over a period of two minutes, the second and third at a rate of 2 ml. per 30 seconds during two succeeding 30-second intervals. Approximately 75 ml. of blood was removed from each animal during the entire study. Aliquots of plasma (0.5 ml.) were pipetted onto aluminum planchettes and dried under an infra-red lamp. A commercial detergent (Haemosol®) was used to insure even spreading and to prevent sublimation of iodine. Radioactivity was assayed by means of a GeigerMuller end-window tube and conventional scaler. Splanchnic blood volume was calculated by dividing the amount of IHSA activity dispersed in the splanchnic vasculature at equilibrium by the equilibrium concentration as follows: (11, 12) , the portal vein, and femoral artery, before and after administration of hexamethonium (0.6 to 0.8 mg. ion per Kg.). Portal venous pressures were measured by means of a polyethylene catheter passed after laparotomy through one of the splenic vein radicles approximately 10 cm. towards the portal vein. All values for venous pressure were measured from a zero reference point located halfway between the dog's back and xiphoid process.
RESULTS
Comparison of the results obtained in splenectomized and intact dogs failed to show statistically significant differences with the exception of the control mean arterial blood pressure which was significantly lower on the average in the splenectomized animals (102 mm. Hg) (p = 0.02) than in the intact dogs (125 mm. Hg). Consequently, the data for all the animals have been combined, and the mean figures, differences between means, and significance of the differences for the group as a whole are presented in Table I .
Arterial and venous pressures
The values for mean arterial blood pressures (MAP) presented in Table I Table I ) could be explained largely on the basis of the withdrawal of blood samples, and it was therefore assumed that total blood volume remained unchanged. On this assumption, the splanchnic vasculature appeared to contain 27.3 per cent of the blood volume during the hypotensive phase.
DISCUSSION
Autonomic blockade following the intravenous administration of hexamethonium produced a fall in blood pressure in dogs that could be ascribed solely to a reduction in cardiac output, in agreement with the results of other workers (1-4). The splanchnic blood flow tended to decrease in proportion to arterial pressure, whereas circulating splanchnic blood volume appeared to rise. The seemingly paradoxical expansion of the splanchnic bed to accommodate a larger volume of blood without significant simultaneous vasodilatation to permit a relatively larger minute flow could be construed as evidence that hexamethonium reduces splanchnic venous tone without affecting the arterioles. Retarded venous return as a result of "pooling" in the splanchnic reservoir-and presumably also in veins elsewhere in the bodycould therefore play an independent role in reducing cardiac output and arterial pressure. Further analysis of the data, however, does not sustain the validity of these inferences nor of the conclusion to which they tend-that the major site of action of hexamethonium lies upon the venous side of the circulation.
As a matter of fact, interference with arteriolar activity by hexamethonium is evident in the absence of the usual change (13) in the peripheral vascular resistance during the development of arterial hypotension. The tendency for maintenance of arteriolar cross-section by so-called "basal tone" (14) in vascular beds that have been completely denervated by surgical methods may account for the apparent absence of peripheral arteriolar vasodilation. The difference between the arteriolar and venous responses may actually reflect differences in the distending forces exerted by intraluminal pressures which are inversely related to di-ameter and are consequently much more powerful in the veins than in the arterioles and capillaries. In. this view, the splanchnic arterioles and veins are more or less equally affected by hexamethonium; but in the latter the "basal tone" [as defined by Folkow (14) ] is not sufficient to resist distention.
The anatomic evidence (15) suggests that the hepatic and portal venous systems contain the bulk of the circulating blood in the splanchnic bed. If the splanchnic vascular reservoir simply serves as a passive elastic receptacle, its volume would be a function of the distending pressure alone. The fact that SBV increased without change (or with a fall) in the portal venous pressure seems to point to an active role of the venous musculature in determining capacity. Splanchnic blood flow and splanchnic venous pressures de-;crease similarly in dogs following hemorrhage, but with a reduction, rather than an increase, in circulating splanchnic blood volume (16) . The quantity of blood within the splanchnic vasculature therefore appears to vary independently of local pressure differences and blood flow. It seems reasonable to conclude that change in capacity is *determined largely by an active dimensional change presumably arising from contraction or relaxation of the smooth muscles in the walls of hepatic and portal venous radicles under the control of the autonomic nervous system. Estimation of the splanchnic blood volume by the regional dilution technique requires the assumption that 131-labelled human serum albumin is evenly dispersed throughout the bed during an equilibration period of a minute or less. The tracer has little time to find its way into blood not actively a part of the circulating volume and the blood in the splenic pulp is thus not readily accessible to measurement. The change observed following administration of hexamethonium was therefore the same in intact and splenectomized animals.
Owing to the uncertainties regarding the relationships between venous and atrial pressures and cardiac output, it is difficult to evaluate the cardiac effect of hexamethonium or to define with precision the part played by "splanchnic pooling." Unfortunately, the methods currently available are too crude to permit quantitative appraisal of the course of events during the brief interval required for circulatory adjustment. When measurements could be made, a quasi steady-state had developed in which cardiac output was persistently depressed in association with a right atrial pressure which had apparently been stabilized at the control level. Changes in pressure too small for measurement may have been implicated as the basis for the continued reduction in output, but the possibility that hexamethonium actually interfered with cardiac function cannot be eliminated.
SUMMARY
The systemic and splanchnic hemodynamic effects of hexamethonium (0.6 to 0.8 mg. hexamethonium ion per Kg. body weight) were studied in thirteen anesthetized dogs-in five at least two weeks following splenectomy. Cardiac output was measured in 11 dogs by the direct Fick method, splanchnic blood flow by the Bromsulfalein method, and the circulating splanchnic blood volume by the regional dilution technique. Femoral arterial, right atrial, wedged hepatic venous, and portal venous pressures were measured directly in four animals.
Arterial pressure decreased in all the animals, by 39 mm. Hg on the average; whereas atrial, hepatic venous, and portal venous pressures did not change. Cardiac output fell, by 30 per cent on the average, to approximately the same extent as the arterial pressure. Estimated splanchnic blood flow decreased in 10 dogs, remained unchanged in one and rose in two; on the average falling significantly (p < 0.01) by 104 ml. per min. per Kg. Splanchnic vascular resistance was not significantly affected on the average, but the circulating splanchnic blood volume increased in twelve dogs and remained unchanged in one, rising on the average by 102 ml. per 10 Kg. body weight or 48 per cent.
These findings may be interpreted as evidence for the view that autonomic blockade by hexamethonium causes a fall in arterial pressure by simultaneously reducing cardiac output and interfering with compensatory peripheral arteriolar adjustments. The fall in cardiac output may be attributed to a decrease in venous return as a result, in part at least, of "pooling" in the splanchnic vasculature secondary to diminished venous "tone." Autonomic blockade therefore appears to affect both arteriolar and venous activity.
